INTRODUCTION
Platelet aggregation and 'shape change' induced by ADP and thrombin begin within 1 s of activation and may be nearly complete by 5 s, as revealed by quenched-flow approaches and by single-particle sizing and counting [1] [2] [3] . Cytoplasmic Ca2+ levels ([Ca2+],) and protein phosphorylation (20 and 47 kDa) increase by 0.5 s, whereas much less change occurs after 2-3 s [4] [5] [6] . The initial rapid rise in [Ca2+] , originates from internal stores, since chelation of external Ca2+ has no effect on the kinetics with either ADP or thrombin as agonists. These results were obtained by a continuous-flow technique [4] . However, use of stopped-flow methods suggests that ADP, but not thrombin, opens a plasma-membrane channel at about 50 ms, causing a small influx of Ca2+ [7, 8] .
The initiation and regulation of these very rapid biochemical and functional events ofplatelets are poorly understood. Whether both ADP and thrombin stimulate phosphatidylinositol turnover has been a controversial question [9] [10] [11] [12] [13] [14] [15] [16] . The study by Daniel et al. [16] is noteworthy in revealing the appearance of Ins(1,4,5)P3 as early as 5 s, which did not require extracellular Ca2 . Murphy et al. [17] discovered little temporal correlation between Ins(1,4,5)PF formation and the increase in [Ca2+]1 when rabbit platelets were stimulated by platelet-activating factor.
We have examined the initial kinetics of inositol phosphate liberation in platelets activated by ADP or thrombin under physiological blood-flow conditions, taking advantage of the quenched-flow approach for studying rapid platelet reactions [1] . We also used electroporation to improve platelet labelling efficiency with [3H]inositol [18] . Surprisingly, both ADP and thrombin elicited significant transient increases of similar magnitude in Ins(1,4,5)P3 and Ins(l,3,4,5)P4 near 200 ms, as well as later (< 5 s) peaks in these inositol phosphates. Shear forces acting alone also caused significant transient increases. [17, 23] derived from the other two compounds [22, 24] . Not shown are data on the ability of shear forces acting alone to induce rapid formation of Ins(1,3,4)P3. Highly significant transients (P < 0.02) were found at 0.5, 1.5, 2.5 and 4 s exposure to shear stress in the reaction loop [1] .
MATERIALS AND METHODS

Preparation
We have thus established that ADP and thrombin can rapidly produce Ins(1,4,5)P3 in the presence of fibrinogen and mM external Ca2+ levels under physiological flow conditions (15-50 dyn/cm2) and that levels oscillate. This synthesis and its kinetics were not influenced by the presence of indomethacin (1 ,ug/ml), ruling out involvement of prostaglandin endoperoxides (results not shown) and suggesting that secretion of dense-granule ADP is also unlikely to be responsible for the rapid increase in Ins(1,4,5)P3 and Ins (1,3,4 ,5)P4 observed under shear forces acting alone (Figures 2a and 2b) .
When platelets react with ADP or thrombin, intracellular Ca2l levels rise rapidly within the first 1-2 s of activation from 0.1 tM to near 0.3 ,tM at 1 s and to about 1.0 uM at 2 s [4] . This early increase does not require external Ca2+, and therefore internal stores are involved. The electroporated and resealed platelets also revealed rapid increases of [Ca2+]1 similar to those seen in control washed platelets, using a stopped-flow apparatus (results not shown). Onset times of about 0.2 and 0.4 s for ADP and thrombin, respectively, are comparable with those reported by Sage and Rink [7] . Although shear forces acting alone generated transient but significant amounts of Ins(1,4,5)P3 and Ins(1,3,4,5)P4 (Figures 2a and 2b) , they failed to increase [Ca2+]1 [4] or to initiate platelet aggregation (Figure 1) . Indeed, the total integrated productions of Ins(1,4,5)P3 and even Ins(1,3,4,5)P4 elicited by either shear forces or ADP were similar up to 1 s (Figures 2a and 2b) . This suggests that a transient production of Evidence for multiphasic productUon of inositol phosphates or dlacylglycerols in platelets and other cells A major finding from our use of the quenched-flow approach is therefore that soluble inositol phosphates are transiently formed within 200 ms of platelet activation. Transient synthesis of Ins(1,4,5)P3 in this time frame has not been previously demonstrated in human platelets or in other human cells. Earlier studies [9] [10] [11] [12] [13] [14] [15] [16] in human platelets have focused on times greater than 5 s, which are not early enough to be causally linked to the rapid rise in internal Ca2+ [4, 7, 8] . Our results relate directly to a study by Breer et al. [26] , who showed sub-second and transient generation of Ins(1,4,5)P3 in rodent cilia and insect antennal preparations which were rapid enough for olfactory transduction. Ins (1, 4, 5) P3 fluctuations have also been demonstrated in REF52 fibroblasts between 30 and 120 s of activation [27] . It is clear from our study that ADP and thrombin did not cause a prolonged and steady increase in Ins(1,4,5)P3, but rather rapid synthesis and breakdown. Whether activation of protein kinase C, which may inhibit phospholipase C [28] and stimulate Ins(1,4,5)P3 removal [29] , was responsible for the observed fluctuations remains to be elucidated.
Several recent reports suggest that diacylglycerol levels may increase in phases after thrombin stimulation. Both Murphy et al. [17] and Nakashima et al. [23] showed an early peak near 10 s, similar to the original observation by Rittenhouse-Simmons [30] . However, Nakashima et al. [23] noted a later peak near 2-3 min, seen only in the presence of extracellular Ca2 . Subsequently, Werner et al. [31, 32] observed oscillating production of diacylglycerol, with peaks at 0.3-0.6 min intervals.
Concluding remarks
Our study highlights the complexity of mechanisms involved in agonist-induced intracellular Ca2+ fluxes and suggests that inositol phosphate-independent mechanisms of internal Ca2+ release may operate during rapid platelet activation. [34] provide interesting data that platelet stimulation by thrombin for 20 s activates Ptdlns 3-kinase and leads to formation of PtdIns(3,4,5)P3, but not PtdIns(3,4)P2, and that this occurs in the absence of extracellular Ca2+. The kinetics and extent of Ptdlns(3,4,5)P3 synthesis are controversial [33] , since other groups have little evidence for its formation in thrombin-activated platelets [35, 36] , and a role as a substrate for phospholipase-C- 
